Coronary artery disease (CAD) is a major cause of mortality and morbidity in diabetic patients ([@B1]). To optimize therapeutic intervention, it is essential to identify patients at risk. Exercise stress testing is the most common stress modality used for the noninvasive evaluation of CAD. However, exercise tolerance in diabetic patients may be impaired, particularly because of the higher prevalence of peripheral vascular disease. Dobutamine stress echocardiography (DSE) is used to assess the severity of CAD in patients unable to perform an adequate exercise test. The safety, feasibility, and accuracy of DSE are comparable in diabetic and nondiabetic patients ([@B2]). DSE has shown an incremental value in predicting death and hard cardiac events at short- and intermediate-term follow-up ([@B3]--[@B5]). However, it is not known whether this incremental value can be maintained at long-term follow-up.

The goals of the current study with 13-year follow-up were to *1*) assess very long-term outcome after DSE in patients with diabetes, *2*) identify predictors of increased risk in patients with diabetes, and *3*) define a low-risk period after normal DSE.

RESEARCH DESIGN AND METHODS {#s2}
===========================

This retrospective study included 408 consecutive patients with diabetes who were unable to perform an adequate exercise test and who underwent DSE at the Thoraxcenter between January 1994 and January 2001. Diabetes was defined in the presence of fasting blood glucose ≥140 mg/dL or requirement for insulin or oral hypoglycemic agents. A total of 12 patients were excluded because of inadequate echocardiographic images. The final population of this study consisted of 396 patients.

Clinical data including hypercholesterolemia, smoking, hypertension, a history of heart failure, a previous myocardial infarction (MI), and/or revascularization were collected at the time of DSE. Hypercholesterolemia was defined as total cholesterol \>200 mg/dL or use of cholesterol-lowering agents. Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or use of antihypertensive medication. Heart failure was defined in line with the New York Heart Association classification. For the clinical characteristics of the patients, we refer to the short-term study of this population done by Sozzi et al. ([@B5]) in 2003. Patients who underwent revascularization within 3 months after DSE were excluded. This exclusion was based on previously published data indicating that referral to coronary revascularization within 3 months after testing tends to be based on the results of the test and that referral to revascularization \>3 months after the test tends to be based on worsening of the patients clinical status.

DSE protocol {#s3}
------------

Left ventricular ejection fraction (LVEF) at rest was assessed using the modified biplane Simpson rule ([@B6]). After baseline echocardiography, dobutamine was infused at a starting dose of 5 μg/kg/min for 3 min followed by 10 μg/kg/min for 3 min (low-dose stage). The dobutamine dose was increased by 10 μg/kg/min every 3 min up to a maximum dose of 40 μg/kg/min. Atropine (up to 1 mg) was administered intravenously at the end of the last stage if the target heart rate was not achieved. End points of the test were an achievement of the target heart rate (85% of the maximal heart rate predicted for age), the maximal dose of dobutamine and atropine, \>2 mV downsloping ST-segment depression measured 80 ms from the J point compared with baseline, hypertension (blood pressure \>240/120 mmHg), a decrease in systolic blood pressure of \>40 mmHg, and significant arrhythmias.

Echocardiographic imaging and interpretation {#s4}
--------------------------------------------

Imaging was acquired at rest and continuously during the test and recovery. Images were recorded on videotapes and, in addition, the baseline, low-dose, peak-stress, and recovery images were recorded in a quad-screen format. The interpretation of images was performed by two independent observers blinded to the patients' clinical data. In case of disagreement, a majority decision was achieved by a third observer. In our laboratory, the inter- and intraobserver agreement for DSE assessments are 92 and 94%, respectively ([@B7]). A 16-segment model was used for segmental analysis of LV function ([@B6]). Wall Motion Score Index (WMSCI) was determined at rest and peak stress as the sum of the segmental scores of the 16 segments divided by 16. Each segment was scored using a 5-point Likert scale as follows: 1 = normal, 2 = mild hypokinesis, 3 = severe hypokinesis, 4 = akinesis, and 5 = dyskinesis. Ischemia was defined as new or worsened wall motion abnormalities (WMAs) during stress, which was indicated by an increase of wall motion score ≥1 grade in ≥1 segment ([@B8]). Ischemia was not considered to be present when akinetic segments at rest became dyskinetic during stress. DSE results were defined as abnormal if there was ischemia during stress ([@B9]) or fixed WMAs ([@B8]).

Follow-up {#s5}
---------

Patients were contacted to retrieve follow-up information twice, in 2001 and in 2010. Prior to contacting them, the on-line municipal civil registry was used to determine the patients' present survival status. Survival status was retrieved in 100% of the patients. A mailed questionnaire was sent to all living patients. The response rate of the questionnaire was 85%. There were no significant differences between patients who responded to the survey and those who did not respond. This questionnaire was used together with medical records to obtain information about end points. The end points considered were all-cause mortality, cardiac death, and hard cardiac events (defined as nonfatal MI and cardiac death). Causes of death were obtained from the Central Bureau of Statistics Netherlands. Deaths were classified as either documented cardiac death or other. Nonfatal MI was confirmed by using clinical and electrocardiographic criteria and a typical rise and fall of cardiac markers.

Statistical analysis {#s6}
--------------------

Continuous variables were reported as mean ± SD and compared with Student *t* test. Categorical variables were summarized as percentages; the χ^2^ test was used to compare groups. Cumulative survival was estimated by the Kaplan-Meier method, with comparisons between groups based on the log-rank test. Cox proportional hazards regression model was used to examine the additional value of DSE with the end points of interest at 7, 8, and 15 years after the test. Variables were selected in a stepwise forward selection manner with entry and retention set at a significance level of 0.05. The incremental value of DSE information over clinical data was assessed in two modeling steps. First, clinical data only were selected to fit a multivariable model. These clinical data were then used as baseline risk factors, and DSE variables were added in a stepwise forward selection manner. The incremental value was determined by comparing the log likelihood χ^2^ values of both prediction models.

RESULTS {#s7}
=======

Dobutamine-atropine induced a significant increase of heart rate (from 77 ± 13 at rest to 132 ± 16 bpm at peak dose, *P* \< 0.0001), whereas systolic blood pressure did not increase (137 ± 27 at rest and 136 ± 32 mmHg at peak stress). Atropine was administered in 179 patients (45%). Angina occurred in 89 patients (22%), and ST-segment depression occurred in 61 patients (15%). Reasons for termination of the test were achievement of the target heart rate in 320 patients (81%), angina in 42 patients (11%), ST-segment depression in 22 patients (5%), hypotension in 7 patients (2%), and ventricular arrhythmia in 5 patients (1%).

Resting WMAs were detected in 292 patients (74%), and 176 (60%) of these patients had a history of previous MI. Ischemia was detected in 141 patients (36%), and 125 (89%) of these patients had resting WMAs as well. Examples of normal and abnormal DSE studies are presented in [Fig. 1](#F1){ref-type="fig"}.

###### 

*A*: Example of a normal dobutamine stress echocardiogram. The standard display format shows the apical four-chamber view at end systole, demonstrating normal LV wall motion and thickening at baseline, and further improvement of wall motion and thickening (hyperkinesia) during low- and high-dose dobutamine infusion, and recovery phase. This quad-screen format is also used for the apical two-chamber view, apical three-chamber view, and parasternal short-axis view. *B*: Example of an abnormal dobutamine stress echocardiogram (the apical four-chamber view at end systole). The interventricular septum is hypokinetic at rest, becomes normokinetic during low-dose dobutamine infusion, and becomes akinetic during high-dose dobutamine infusion and during the recovery phase. This biphasic response during DSE is indicative of significant CAD, probably in the left anterior descending artery. *C*: Example of an abnormal dobutamine stress echocardiogram. The baseline apical four-chamber view shows akinesia in the interventricular septum and apex. During low- and high-dose dobutamine infusion and recovery, no change in wall motion and thickening occurs in these akinetic regions. This dobutamine stress echocardiogram is indicating a previous MI, without signs of myocardial ischemia.
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Outcome {#s8}
-------

During a mean follow-up of 13 years (SD 3.2), 230 patients (58%) died (121 cardiac deaths), 30 patients (8%) had a nonfatal MI, and 86 (22%) underwent myocardial revascularization. A total of 50 and 45, respectively, underwent percutaneous coronary intervention and coronary artery bypass procedures during follow-up, of whom 9 had both. Among the 141 patients with ischemia by DSE, 62 underwent subsequent revascularization (72% of the total patients revascularized). The remaining patients with ischemia were treated medically.

Clinical and DSE variables associated with an increased risk of all end points of interest in the multivariate model analysis are presented in [Table 1](#T1){ref-type="table"}. WMSCI at peak-dose dobutamine and LVEF at rest added incremental value to the clinical parameters in predicting all-cause mortality (67 to 93 \[*P* \< 0.0001\] and 76 \[*P* \< 0.0001\], respectively). The additional value of DSE, however, did not increase any further after 7 years after the test for all end points of interest. Multivariate analysis showed that WMA at rest, new or worsened WMA, and these DSE parameters combined did not significantly improve the prediction model for adverse outcome.

###### 

Independent predictors of all-cause mortality, cardiac death, and hard cardiac events using a two-step model
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The cumulative survival showed a better, although not significant, survival of normal DSE in comparison with abnormal DSE (74 vs. 68% at 5 years, 57 vs. 49% at 10 years, and 44 vs. 41% at 15 years; overall *P* = 0.06) ([Fig. 2*A*](#F2){ref-type="fig"}). [Figure 2*B* and *C*](#F2){ref-type="fig"}, respectively, shows the event-free survival curves for cardiac death and hard cardiac events with normal versus abnormal DSE. Both cumulative survival free of cardiac death (89 vs. 78% at 5 years, 84 vs. 69% at 10 years, and 81 vs. 66% at 15 years; overall *P* = 0.003) and hard cardiac events (84 vs. 75% at 5 years, 81 vs. 65% at 10 years, and 77 vs. 63% at 15 years; overall *P* = 0.009) show a significantly better prognosis in favor of a normal DSE. The interaction between LVEF and peak WMSCI is shown in [Fig. 3](#F3){ref-type="fig"}.

![Kaplan-Meier survival curves with normal vs. abnormal DSE for all end points of interest. *A*: All-cause mortality: normal 88, 58, 41, and 12; abnormal 308, 164, 99, and 20 patients at risk at start, 5-, 10-, and 15-year follow-up (FUP), respectively. *B*: Cardiac death: normal 88, 58, 41, and 12; abnormal 308, 164, 99, and 20 patients at risk at start, 5-, 10-, and 15-year FUP, respectively. *C*: Hard cardiac events: normal 79, 48, 32, and 10; abnormal 296, 146, 82, and 20 patients at risk at start, 5-, 10-, and 15-year FUP, respectively.](634fig2){#F2}

![Kaplan-Meier survival curves demonstrating the interaction between peak WMSCI and LVEF. Group 1: ○, LVEF ≥50% and peak WMSCI = 1; 82, 58, 42, and 10 patients at risk at start, 5-, 10-, and 15-year follow-up (FUP), respectively. Group 2: □, LVEF \<50% and peak WMSCI = 1; 13, 7, 5, and 0 patients at risk at start, 5-, 10-, and 15-year FUP, respectively. Group 3: ●, LVEF ≥50% and peak WMSCI \>1; 39, 24, 15, and 7 patients at risk at start, 5-, 10-, and 15-year FUP, respectively. Group 4: ■, LVEF \<50% and peak WMSCI \>1; 240, 120, 67, and 10 patients at risk at start, 5-, 10-, and 15-year FUP, respectively.](634fig3){#F3}

CONCLUSIONS {#s9}
===========

DSE is widely used for diagnosis and risk stratification, but the very long-term prognostic value of this test in patients with diabetes is not defined. Accurate long-term risk stratification of these patients is required to optimize patient management. Patients with normal DSE are considered at low risk of cardiac events; the annualized event rate is generally \<1% during the first years after testing. Accordingly, in these low-risk patients, further (invasive) diagnostic and therapeutic strategies and associated medical care costs can be avoided.

Still, over time, a significant change in risk may occur after a normal DSE. The underlying clinical risk of patients with diabetes and history of CAD may significantly influence the event rate after a normal DSE. These observations have lead to the perception that a "warranty period" exists after a normal DSE. In the currently available literature, mean follow-up after DSE was ∼3 years. Very long-term outcome data after DSE are lacking and, consequently, the duration of the low-risk status after a normal test is not clear.

This study is a continuation of the 2003 study of Sozzi et al. ([@B5]) in which the same population of 396 patients with diabetes was evaluated, with a median follow-up of 3 years. The current study assesses the very long-term outcome after DSE in patients with diabetes and shows that DSE provides restricted predictive value of adverse outcome in patients with diabetes at very long mean follow-up of 13 ± 3.2 years. The prognostic value of DSE was optimal till ∼7 years after the initial test. DSE provided data in predicting all-cause mortality incremental to clinical parameters and increased the χ^2^ of the clinical and exercise electrocardiogram model from 67 to 93 (*P* \< 0.0001) at 15-year follow-up, but the additional value of DSE did not increase any further after 7 years after the test. This is in line with the Kaplan-Meier survival curves, which diverge until ∼7 years. After that point, the lines start to run parallel. The most powerful echocardiographic predictor of outcome was peak WMSCI, with LVEF at rest coming up second. Multivariate analysis showed that peak WMSCI and LVEF were independent predictors of long-term outcome. Kaplan-Meier survival analysis ([Fig. 3](#F3){ref-type="fig"}) showed that patients with LVEF ≥50% and peak WMSCI = 1 had a favorable prognosis, whereas patients with LVEF \<50% and peak WMSCI \>1 had an adverse long-term prognosis. Patients with LVEF ≥50% and peak WMSCI \>1 and those with LVEF \<50% and peak WMSCI \<1 had an intermediate prognosis. The survival curves continued to diverge up to ∼7 years, implying that the incremental prognostic value of both LVEF and peak WMSCI was maintained up to 7 years after initial testing. These findings indicate that the prognosis in diabetic patients is related not only to the extent of stress-induced ischemia but also to LV function at rest. Similar DSE results were found for the end points cardiac death and hard cardiac events.

In 74% of the population, fixed WMA were found. It is likely that this high number has to do with the fact that our population consists of patients with impaired exercise capability, with a great portion of patients with a history of MI. Furthermore, it is well established that diabetes could result in myocardial dysfunction even in the absence of CAD. This could explain the high incidence of resting WMAs in this study.

We currently are not aware of any other study that has evaluated the prognostic value of DSE after such an extended follow-up time. Several studies prove that DSE is a useful tool for short- to medium-term risk stratification of diabetic patients. Bigi et al. ([@B10]) reported in 2001 that peak WMSCI was a significant predictor of hard cardiac events in a population of 259 diabetic patients at 2-year follow-up. D'Andrea et al. ([@B11]) concluded the same in 2003 in a population of 325 diabetic patients at a follow-up of 2.8 years. Both studies are in line with our long-term study. In 2006, Cortigiani et al. ([@B12]) compared the prognostic value of dipyridamole and DSE in 749 diabetic patients with 4,707 nondiabetic patients with known or suspected CAD during a median time of 2.6 years. In the diabetic population, resting WMSCI and ischemia at stress echo were the DSE variables with incremental value.

Chaowalit et al. ([@B3]) verified the prognostic significance of DSE in predicting mortality and cardiovascular morbidity during a mean period of 5.4 years in a large cohort (*N* = 2,349) of patients with diabetes in 2006. In multivariate analyses, age, failure to achieve target heart rate, and the percentage of ischemic segments were important predictors of both mortality and cardiovascular morbidity (nonfatal MI and late revascularization). Innocenti et al. ([@B4]) assessed the prognostic role of clinical, rest, and stress echocardiographic data in a group of 322 diabetic patients with known or suspected CAD during a mean follow-up duration of 3.3 years ([@B4]). This study shows that presence of viability and severe ischemia during DSE was independently associated with higher occurrence of hard cardiac events.

The current study has limitations. The long-term prognostic value of the test is based on a population referred to DSE for clinical indications. Because of the clinical factors leading patients to be referred for DSE at the time of initial testing, they are likely to have had increased risk. This may limit application of the present findings to patients with diabetes in general. The results may not be necessarily applicable to patients with diabetes and without clinical indication for DSE. Therefore, the use of DSE for risk stratification of all patients with diabetes cannot be recommended.

Exercise or pharmacologic stress myocardial perfusion imaging has been recommended by the American Heart Association for evaluation of ischemic heart disease in diabetic patients ([@B13]). However, DSE has the advantages of wider availability and lower cost, and it avoids radiation exposure to the patient. Appropriateness criteria have been developed to provide an estimate of the reasonableness of the use of DSE for several clinical scenarios. A detailed description of appropriate indications of DSE has been published recently ([@B14]), including detection of CAD/risk assessment in selected asymptomatic and symptomatic patients, preoperative evaluation before noncardiac surgery, risk assessment after acute coronary syndrome/postrevascularization, assessment of viability/ischemia, and stress study for hemodynamics.

In conclusion, in this study with a mean follow-up of 13 ± 3.2 years, DSE provided restricted predictive value of adverse outcome in patients with diabetes who were unable to perform an adequate exercise stress test. The value of the test seems optimal till ∼7 years after initial DSE. Repeating the test at that time might add to its diagnostic value.
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